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Abstract

This review discusses the available evidence in the current evaluation and treatment of nocturia in frail older adults. No evi-
dence specifically evaluates the use of behavioral interventions in the treatment of the frail older adult with nocturia, but their
use is supported in other cohorts. Behavioral modifications and optimal management of comorbidities remain the first-line
treatment for all age groups and should be emphasized in the frail due to their favorable safety profile. No studies specific to
the frail older adult support the use of pharmacotherapy. Some evidence exists for the efficacy of several agents in the older
adult; however, this is difficult to extrapolate to the frail, and safety concerns abound. Desmopressin may be effective in the
older adult, but a high risk of hyponatremia raises concerns for its safety, and therefore it is not recommended in the frail.
a-Antagonists may have limited efficacy in men with known benign prostatic hyperplasia (BPH); they are relatively well
tolerated, although the risk of orthostatic hypotension in the frail should be considered. f3-agonist trials suggest limited
clinical utility. Antimuscarinics are not found to be useful in this cohort and are contraindicated in the frail older adult given
the ability of antimuscarinics to cause cognitive impairment, delirium, and falls. No data examine the use of nonsteroidal
anti-inflammatory drugs (NSAIDs) in the frail older adult. Additionally, the American Geriatrics Society Beers Criteria
recommends against the use of muscarinics in those over the age of 75 years and therefore their use is not supported.

Key Points 1 Introduction

Behavioral modification and optimization of comorbidi- 1.1 Epidemiology and Pathophysiology

ties are first-line treatment for nocturia in the frail older

adult. Nocturia, the act of awakening from sleep to void urine,

is a common and complex urological complaint. Although
just one component of the broader category of lower uri-
nary tract symptoms (LUTS), its multifactorial etiology
Desmopressin is relatively contraindicated due to safety and variable responsiveness to existing therapies makes
concerns. nocturia a complicated symptom to understand and treat.
Nocturia is defined by the International Continence Society
(ICS) as awakening to void one or more times per night [1];
however it has been found that only two or more voids per

Sparse evidence for pharmacotherapy directly addresses
this cohort.

a-Blockers may have limited utility in men with benign
prostatic hyperplasia.

Antimuscarinics, 3 agonists, and nonsteroidal anti- night are associated with impaired health-related quality of

inflammatory drugs do not have evidence supporting life (HRQoL) [2]. Because we felt it to be more clinically

their use. relevant, this latter definition will be used throughout this
review [3].

Patients typically seek treatment when the burden of

nocturia begins to significantly impact their quality of life

(QoL), and is infrequently brought to the attention of physi-

54 Dylan T. Wolff cians prior to this impact as it is commonly believed to be
Dylan.wolff@downstate.edu a natural part of aging [4]. Waking from sleep numerous
times per night increases the difficulty of returning to rest-
ful sleep, and diminishing sleep quality negatively impacts

Department of Urology, SUNY Downstate Health Sciences
University, 450 Clarkson Ave, Brooklyn, NY 11203, USA

A\ Adis


http://orcid.org/0000-0003-4897-9732
http://crossmark.crossref.org/dialog/?doi=10.1007/s40266-020-00815-5&domain=pdf

96

D.T. Wolff et al.

both physical and mental health [5-9]. Nocturia is associated
with an increased risk for falls, fractures, and depression
[10-13], and nocturia has been found to be an independent
risk factor for mortality [7, 11, 14—-17]. These associations
should prompt an evaluation for nocturia in all frail older
adults. Studies examining methods of decreasing nocturia
have demonstrated an improvement in patient QoL with
decreased nighttime voiding [7]. More work is still needed
to evaluate the impact that existing treatments may have on
patient mortality.

It is axiomatic that the prevalence of nocturia increases
with age, and that age itself is a risk factor for developing
nocturia. A 2019 study using National Health and Nutrition
Exam Survey (NHANES) data found that 51.5% of men and
45% of women 60 years of age or older woke at least two
times per night to void [18]. Numerous insults to the aging
body contribute to the pathophysiology of nocturia in the
older adult. One hypothesis is that the aging bladder loses
smooth muscle cell content and accumulates depositions of
collagen and fibrosis [19-21]; these changes contribute to
detrusor instability and decreased bladder capacity [21-23].
It is also hypothesized that age-related changes to the central
nervous system, increased sensitivity to neurotransmitters,
and increased density of acetylcholinergic receptors may all
contribute to bladder hypersensitivity or the sensation of
urgency [21, 24].

Aging patients also experience atherosclerosis and
peripheral vascular disease, which can cause reductions
in renal blood flow and decreased glomerular filtration rate
(GFR) [25]. Vascular disease risk factors may also con-
tribute to generalized pelvic ischemia, which is strongly
correlated with LUTS and nocturia [26, 27]. In addition to
reduced renal function, nocturnal urine output is increased
in the older adult. Arginine vasopressin (AVP) is an antidi-
uretic hormone that follows a circadian rhythm of release,
with higher serum levels detected during the early hours
of sleep. AVP functions to increase urine osmolality and
decrease urine volume during the sleep cycle hours. This
combination prevents the sleeper from reaching maximum
bladder capacity, thereby minimizing the likelihood of
awakening during the sleep cycle. There is a hypothesized
reduction in the amplitude of this circadian rhythm that
is associated with aging, leading to a decreased ability
to concentrate urine during sleep [28]. Younger patients
are known to have less nocturnal urine production: adults
21-35 years of age excrete approximately 14% of their
total urine volume in 8 h of sleep, while adults > 65 years
of age excrete approximately 34% [29, 30]. Thus, the com-
bination of dysregulation of AVP and diminished renal
concentrating ability results in a global increase in urine
production that is exacerbated during sleeping hours. Con-
sequently, nocturnal polyuria (NP) is a primary causative
factor of nocturia in the older adult [7, 31]. Additionally,
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diseases that are more common in older adults, such as
obstructive sleep apnea (OSA), benign prostatic hyperpla-
sia (BPH), hypertension, renal failure, poorly controlled
diabetes mellitus, and congestive heart disease, may put
these adults at risk for overactive bladder (OAB) symp-
toms as well as NP [7, 32]. Multiple pathologies that coin-
cide with nocturia, such as OSA, may also exacerbate the
dysregulation of serum AVP levels [33].

Special attention must be paid when treating nocturia
in older adults. The definition of ‘older adult’, commonly
referred to as ‘elderly’, is nebulous and is inconsistently
used across guidelines. There is no clear age cut-off, and
the definition may reflect health status, independence, and
culture. For the purpose of this review, ‘older adult’ refers
to those over 65 years of age, as is common for research
purposes, and we refer to studies as specifically addressing
older adults if they recruit participants > 65 years of age
[34]. With this in mind, we recognize that this definition is
arbitrary. Many studies will have mean ages just above or
below 65 years, and their clinical relevance is likely simi-
lar in this range. ‘The 60s’ is a young age range for older
adults. Advancing age is a known risk factor for adverse
drug-related events, however the pharmacodynamic and
pharmacokinetic changes related to the decades beyond the
60s are poorly understood [35]. Limitations in our knowl-
edge should be kept in mind when prescribing medications.

While clinicians are often aware of a patient’s chrono-
logical age, they may be less attuned to frailty as an impor-
tant factor in the efficacy, tolerability, and safety of nocturia
treatment. Frailty is best defined as a state of reduced physi-
ologic functioning across multiple domains that is associated
with an increased vulnerability to a wide range of stressors
[36-38]. There are two primary approaches to character-
izing frailty. The frailty phenotype, reported by Fried et al.,
lists criteria such as weakness, slow gait speed, low physi-
cal activity, exhaustion, and unintentional weight loss; those
who fulfill at least three of these criteria are classified as
“frail’ [39]. The Canadian Index model is based on accumu-
lated deficits, wherein the number of counted deficits indi-
cates the likelihood of existing frailty [40]. It is important to
note that frailty is not part of the normal aging process and
carries an increased risk of morbidity and mortality [36].

The relationship between nocturia and frailty is incom-
pletely understood. In patients over 65 years of age, those
with OAB symptoms have been shown to perform worse on
proxy testing for frailty [24, 38]. Unfortunately, frail geriat-
ric patients are often excluded from major studies, as their
multiple comorbidities and impairments may impede their
participation and confound results [24]. It remains unclear
whether the frailty syndrome precipitates one to develop
nocturia, or if nocturia and its associated risks (i.e. falls,
fractures) precipitates the frailty syndrome [41]. The rela-
tionship between frailty and polypharmacy has been more



Managing Nocturia in Frail Older Adults

97

clearly established, and polypharmacy remains a prominent
barrier to effectively treating nocturia in the frail cohort.

1.2 Evaluation of Nocturia

Nocturia is a symptom that may be caused by a multitude of
factors; therefore, any treatments that target the symptom of
nocturia must understand and target the underlying causes.
The evaluation of the nocturia patient is well-defined in the
general population. Few suggested changes have been made
specifically for the frail adult, and thus a general discussion
follows. Full evaluation begins with a thorough history and
physical examination. Understanding a patient’s comor-
bidities and functional capacity is critical. For example, an
understanding of a patient’s functional limitations with a
Timed Up and Go Test will inform their mobility and func-
tional status, and is a sensitive screening test for those who
may be frail [42]. Identifying patients with postural hypo-
tension will guide treatment and inform which medications
may be contraindicated. Blood glucose level measurement
may reveal uncontrolled diabetics and glucosuria as causes
of global polyuria. A 24-h frequency-volume chart (FVC)
is recommended in the evaluation of all patients, and some
disagreement exists about whether the FVC should extend to
a 3-day diary [43]. In contrast to the 24-h FVC, ‘bladder dia-
ries’ include measurements such as incontinence episodes,
fluid intake, and pad use, which may be useful in some cases
but may increase the burden placed on patients. While they
are different, sometime patients refer to FVCs as a ‘bladder
diary’. To ensure an accurate FVC, the patient must meas-
ure and record the volume and timing of each urinary void.
Collecting the timing and volume of all fluid intake in a
24-h time period also aids in understanding the timing of
the patient’s fluid intake. This is a valuable quantitative tool
that enables the provider to personalize his/her recommenda-
tions, to understand behavioral causes that may be contrib-
uting to the patient’s symptoms, and to establish what type
of nocturia the patient has. This evaluation requires simple
calculations and effective instruction on how to properly use
the FVC.

To properly utilize the FVC, calculations of urine vol-
umes must be made, and further definitions categorized
(see Table 1). Once computed, these calculations help
define the four broad, causal categories of nocturia: 24-h
polyuria, NP, sleep disorders, and reduced bladder capac-
ity. These broad categories each have various known con-
tributing factors and may overlap in any individual patient.
Indeed, many patients will have a mixed clinical picture.
Sleep disorders that interrupt normal sleep patterns, such
as insomnia and restless leg syndrome, may cause patients
to urinate more frequently during ‘sleeping’ hours even
though the patient is not actually asleep; in this case, noc-
turnal voiding may be considered as incidental to the sleep

disorder and not true nocturia [3, 44, 45]. Problems with
restful sleep are common in older adults, affecting up to
one-third of these patients [46], and include increased noc-
turnal awakenings, earlier bedtime and awakenings, and
increased movement during sleep (dream-enacting behav-
ior). Chronic pain, heart failure, and adverse effects from
common medications may contribute to awakenings and
nighttime voiding [47]. In practice it is difficult to separate
nocturnal voiding due to primary insomnia from true noc-
turia. A practical way to do so is to have the patient grade
each void in accordance with an urgency perception grade
(UPG). Those who void at night with no desire or with a
UPG of zero do so as convenience voids [3].

Mention must be made that, while ideal, FVCs are not
easily recorded by all patients. Frail older adults have mul-
tiple difficulties to contend with in awakening at night,
such as gait aids, appropriate footwear, or glasses or other
visual aids that require their concentration, distract from
accurate recordings or make the use of diaries difficult.
Cognitive impairments add a further layer of difficulty in
the accurate recording or evaluation of FVCs. Addition-
ally, any concomitant incontinence may prevent accurate
recordings of voided volumes. An understanding of a
patient’s functional capacity is key. When a full diary is
not possible or is assumed to be inaccurate, a tabulation of
the number of voids, episodes of urgency or incontinence,
and number of drinks may be useful [48]. Any further
information beyond a verbal history can be helpful in iden-
tifying the frequency of nocturnal voids and timing of fluid
intake, which helps to understand the cause of nocturia
and potential interventions.

While the topic of nocturia treatment has been covered
in prior reviews [43, 49], the specific treatment difficulties
concerning the frail, geriatric cohort have not been discussed
elsewhere. The aims of the present review are twofold: first,
to discuss evidence for treatment and pharmacotherapeutics
of nocturia in the frail geriatric population, and, second, to
clarify the risks of pharmacotherapy when managing noc-
turia in the frail older adult, with special attention paid to
the efficacy and tolerability of various medications and the
risks of polypharmacy.

To inform this review, we utilized all relevant studies
known to the authors. Additionally, we performed a full lit-
erature search in PubMed and Google Scholar using terms
such as ‘nocturia’, ‘frail’, ‘frailty’, ‘elderly’, and ‘geriatrics’,
as well as the specific treatment modalities to be discussed.
Emphasis was placed on studies examining the frail older
adult with nocturia as a primary endpoint. However, as evi-
dence specific to nocturia and the frail older adult is sparse,
papers in which nocturia was discussed but was not a pri-
mary endpoint were included, as were papers examining the
older adult, and papers with cohorts that had a mean age of
65 years or older.
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Table 1 Common flow-volume chart definitions

Variable

Explanation

Relevant or noteworthy characteristics in older
adults

Actual number of nightly voids (ANV)

Total urine volume (TUV)

Nocturnal urine volume (NUV)

Maximum voided volume (MVV)

Nocturia index (Ni)

Predicted nightly voids (PNV)
Nocturnal polyuria index (NPI)

Nocturnal bladder capacity (NBCi)

24-h polyuria
Nocturnal polyuria (NP)

Reduced bladder capacity

Number of voids the patient experiences from the

time they have gone to bed with the intention to

sleep to the time they have arisen with the inten-

tion to wake for the day
Total volume of urine produced in a 24-h period

Total amount of urine voided during the hours of
sleep

Includes the first morning void as it is urine that
was produced while sleeping

Single largest volume void recorded. Presumed
to coincide closely with the functional bladder
capacity.

Calculated by NUV/MVV

Describes whether the urine produced overnight
is greater or less than the total bladder capacity.
When >1, indicates that nocturnal production
is higher than functional bladder capacity and
nocturnal voiding must occur

Calculated by Ni-1

Calculated by NUV/TUV

> 33% indicates nocturnal polyuria

Calculated by ANV—-PNV

When > 0, indicates nocturnal voids occur at less
than MV V. Indicates reduced nocturnal bladder
capacity

Total urine volume > 40 mL/kg

Nocturnal Polyuria Index (NPI) > 33% in those
aged 65 years and older

Overall: MVV < 200
Nocturnal: NBCi > 0 or nocturnal MVV < 200

Increases with age up to 60s, then declines [135]

May be difficult to assess in the frail with limited
ability to complete FVCs
Increases with age [136]

Decreases with aging [135, 136]

In older adults, > 1.87 is highly specific to clini-
cally significant nocturia [137]

Prominent cause of nocturia in older adults [138]

Functional bladder capacity decreases with age
[135]

FVC frequency-volume chart

2 The Evidence for Nocturia Treatments
2.1 Behavior and Lifestyle Modifications

The safest interventions for nocturia are lifestyle and behav-
ioral modifications, as well as therapeutic optimization of
comorbidities [3]. Behavioral interventions are safe, cheap,
and, in some cases, simple to implement; however, no tri-
als have evaluated the efficacy of any behavioral interven-
tion on nocturia in the frail older adult. Thus, recommen-
dations are based on extrapolations from healthier and/or
younger cohorts, along with the logical rationale that they
are unlikely to be harmful if performed with a frail patients’
comorbidities and limitations in mind.

It is known that lower extremity edema in the older adult
is correlated with NP [50], and that increased fluid redistri-
bution from edema is correlated with earlier awakening due
to nocturia, likely due to redistribution of fluid from lower
extremity interstitial space back to the vasculature [51].
This has led to the recommendation to utilize compression
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stockings throughout the day and elevation of the legs sev-
eral hours before bed in patients with edema. This has not
been evaluated in either older adults or frail older adults. A
prospective, non-controlled, observational study found that
compressive leg stockings are effective in reducing nocturia
and NP in young wheelchair-bound patients with spinal cord
injuries [52]. No studies evaluating solely leg elevation as
an intervention were identified. The majority of fluid distri-
bution when transitioning to the supine position appears to
take place within 30-60 min in healthy subjects [53]. Such
interventions are unlikely to have adverse effects on patients.
Therefore, 30—-60 min of leg elevation in the evening before
bed, and/or compressive leg stockings, are reasonable inter-
ventions to attempt, as tolerated by patients. In those with
compressive stockings, the region should be inspected to
ensure that no skin breakdown or wounds occur.
Management of fluid intake, including distributing fluid
consumption more equally throughout the day, refraining
from fluid intake 3—4 h before sleeping, and global fluid
restriction may be effective [3, 54-56]. A single arm,
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non-controlled, prospective trial evaluating 65 healthy
male patients (mean age 72 years) with NP-related nocturia
attempted to examine global fluid restriction. The authors of
that study evaluated patient’s total urine output divided by
their bodyweight. They instructed patients to reduce their
total fluid intake until their urine output was < 30 mL/kg
(mean decrease 402 + 522 mL/day), while continuing to
drink whenever they felt thirsty. One month after this inter-
vention, they found that patients had decreased their aver-
age nocturnal voids from 4.1 to 3.1, a mean reduction of
1 + 1.2 voids (p < 0.001). Multivariate analysis found that
a decrease in 24-h fluid restriction and daytime fluid restric-
tion were associated with clinical effects, but not evening
fluid restriction. The patients had no change in their serum
osmolality or electrolyte concentrations and experienced no
adverse events [57]. This evidence lends support to fluid
restriction in patients with high fluid intake and global urine
output > 30 mL/kg. However, the exact intervention of how
patients decreased their fluid intake is unclear, making spe-
cific recommendations difficult. Furthermore, these patients
cannot be considered to be frail, which makes full confi-
dence in the validity of our proposed cohort difficult. The
fact that the frail cohort is more susceptible to electrolyte
and volume disturbances should be considered, as should the
potential consequences of constipation, dry mucous mem-
branes, and thirst should fluid intake be undertaken [58].
Pelvic floor muscle (PFM) exercises, known as ‘Kegel
exercises’, have also been found to be effective in generally
healthy patients, but have not been studied specifically in the
frail cohort. With these exercises, the patient is instructed
to relax the abdominal muscles while contracting the pelvic
floor for 2-10 s, alternating with rest for 2-10 s, for a total
of 45 sessions per day, 3 days per week. Often, the patient
breaks these into multiple sessions throughout the day (i.e.
3 sessions of 15 sets per day) and should be instructed to
slowly increase the duration of the contractions over time.
These exercises, along with practiced delayed voiding
throughout the day and timed convenience voids at night,
help to strengthen the pelvic musculature and decrease
nocturnal voiding symptoms. It is critical that patients are
properly instructed on how to contract the PFMs without
contracting their large abdominal muscles. This is often
done through feedback while a clinician palpates the per-
ineal body and abdomen for contraction. Sessions with
physical therapists with expertise in this area may be ben-
eficial. One two-site, randomized controlled trial, the Male
Overactive Bladder Treatment in Veterans (MOTIVE) trial,
randomized 143 men (mean age 64 years) with OAB taking
a-blockers to receive pharmaceutical treatment with dose-
titrated oxybutynin or behavioral treatment (including PFM
exercises and urge suppression techniques) for 8 weeks. The
behavioral group had a greater decrease in mean nocturia
episodes than the drug group (0.70 vs. 0.32, p = 0.05) [55].

Secondary analysis of another three-arm, randomized, pla-
cebo-controlled trial that evaluated 131 women (mean age
67.9 years) with nocturia and predominantly urgency incon-
tinence who underwent 8 weeks of treatment with biweekly
behavioral coaching, including PFM exercises, drug treat-
ment with oxybutynin, or placebo, found that behavioral
treatment was the most effective arm, with a mean decrease
in 0.5 voids per night, compared with drug treatment (0.3
voids per night; p < 0.02) and placebo (0 voids per night;
p <0.001) [59]. While statistically significant, these results
may not be clinically significant, as the total decrease was
small. These trials lend some support to the use of PFM
exercises for the treatment of nocturia associated with OAB
symptoms or incontinence. While no trials have evaluated
whether PEM exercises are effective in isolated nocturia, or
in the frail older adult, they are commonly recommended
due to their safety when compared with surgical or pharma-
cologic interventions. Intuitively, they are likely efficacious
and unlikely to have adverse effects in frail older adults [60].

Interventions aimed at improving sleep quality may also
be beneficial. A randomized trial in 60 patients over the age
of 60 years (mean age 72 years) found that a brief behavioral
insomnia treatment decreased the total number of nocturnal
voiding episodes by 31% over a 2-week period (p < 0.01),
whereas the control group had no change. These patients
also had improvements in sleep quality, and this is likely a
clinically significant difference.

A reduction in salt intake has been found to be effective,
while also being beneficial for overall cardiovascular health
outcomes. One retrospective review of 74 older adults (mean
age 67 years) who underwent comprehensive salt reduction
counselling by their cardiologists and followed this regi-
men found a mean reduction in nocturnal voids from 2.5 to
1.0 (p < 0.01), whereas those who were not adherent to the
regimen had no change in nocturnal voids [61]. Further-
more, a prospective cohort study of 321 patients (mean age
64.3 years) with single nightly void nocturia and elevated
salt intake were chosen to undergo salt reduction counsel-
ling every 4 weeks for 12 weeks. They found that those who
reduced their salt intake had a reduction from 1.9 to 1.3
voids per night (p < 0.001), as well as improvement in the
QoL index [62]. These are both small contributions that
may not be clinically significant. Such interventions should
be undertaken with full consideration of a patient’s comor-
bidities. For instance, they should be avoided in patients
with orthostatic hypotension or those at risk of falls. Con-
versely, they may be beneficial in patients with ascites or
heart failure.

A three-arm, randomized trial of 72 men > 40 years of
age (mean age 65.8 years) with nocturia examined behav-
ioral treatments (leg elevation, PFM exercises, fluid man-
agement, and sleep hygiene behaviors, including avoidance
of alcohol and caffeine in the afternoon; minimization of
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noise, light, and temperature extremes in the bedroom; and
avoidance of strenuous exercise or large meals before bed)
compared with tamsulosin 0.4 mg or combined treatment
with both for 12 weeks. The trial found that the behavioral
treatment-alone group had a reduction of 1.39 voiding epi-
sodes per night (p < 0.001), along with improvements in
sleep quality, QoL, and nocturia bother. These results were
not statistically different from the tamsulosin or combined
treatment arms [63]. In contrast to the trials examining PFM
exercises alone, these results are likely clinically significant
and support that comprehensive behavioral interventions are
effective when undertaken, although the ability for commu-
nity-dwelling frail adults to effectively implement them is
unknown. While individual behavioral adjustments may
lead to only small improvements, they likely have additive
effects.

Optimizing a patient’s existing medications is a crucial
step in addressing nocturia. Careful review of prescriptions
may reveal the use of pharmacotherapeutics that have been
found to be independent risk factors for nocturia. These
include calcium channel blockers, diuretics, selective sero-
tonin reuptake inhibitors (SSRIs), and lithium [3, 64]. There-
fore, the elimination or substitution of these medications for
others may be beneficial. Physicians may also find it effec-
tive to use existing treatments for comorbidities to benefit
nocturia. For example, optimal management of patients with
diabetes may alleviate glucosuria as a cause of polyuria. In
patients with OSA, the use of continuous positive airway
pressure (CPAP) has been shown to be highly effective at
reducing nocturia, although this has not been studied specifi-
cally in frail older adults [65]. Adjustments in medication
timing may also be beneficial in improving nocturia symp-
toms and may prevent the need for increased medication bur-
den. For instance, the nighttime administration of diuretics
may actually exacerbate nocturia, while administration in the
afternoon has shown a beneficial impact on symptoms [8].

Non-dipping hypertension is one proposed mechanism
of nocturia [66—69]. To that end, a clinical trial is currently
underway to examine whether the nighttime administration
of antihypertensives, given to decrease nocturnal blood pres-
sure, has efficacy in treating nocturia symptoms [70]. This
will be the first trial to provide data on whether such an
approach is effective beyond theoretical means but has been
found to be safe and to improve cardiovascular mortality
outcomes [71, 72].

If behavioral and lifestyle interventions do not yield ade-
quate improvement in nocturia, pharmacotherapy may be
considered. Because frail older adults are largely underrep-
resented in clinical trials, we lack data concerning the effi-
cacy of pharmacologic treatment of nocturia in this cohort.
Therefore, evidence pertaining to frail older adults must be
extrapolated from studies of healthier older adults, while
keeping in mind the increased potential for medication safety

A\ Adis

hazards in the frail population. It is of the utmost importance
that treatment for nocturia be based on objective improve-
ments in the patient’s QoL, and the clinician should avoid
continued treatment if it yields little benefit in this domain.

2.2 Arginine-Vasopressin Agonists (Desmopressin)

NP is a major contributing cause of nocturia in older adults
[7, 43]. Desmopressin acetate, an antidiuretic, has long been
considered the first-line pharmacologic treatment for NP
[43]. Desmopressin is an AVP analog that acts as an agonist
at V2 receptors, thereby facilitating urine concentration and
decreasing urine volume via the reabsorption of water in
the collecting ducts and ascending loop of Henle without
effects on coagulation seen at higher dosing [73]. Despite the
epidemiology of this pathology, few studies evaluate argi-
nine-vasopressin agonists specifically in the older adult, and
none have done so in the frail older adult. The majority of
randomized controlled trials studying desmopressin recruit
patients >18 years of age [74—77]. Even those trials that title
themselves as studying the ‘older adult’ recruit patients >50
[78, 79] or > 60 years of age [80, 81]. One trial recruited
patients >65 years of age—a randomized, double-blinded,
placebo-controlled trial with 115 men with BPH (mean age
74 years) who received 0.1 mg of desmopressin tablets. The
trial found that 61.4% of patients treated with desmopressin
reduced their nightly voids by two or more over 12 months
of treatment, versus 13.8% in the placebo group (p < 0.001).
This likely represents a clinically meaningful response. The
treatment group also had lower overnight urine production,
longer first period of sleep prior to voiding, and improved
QoL compared with the placebo group. A single patient
dropped from the treatment arm due to symptomatic hypona-
tremia. There was no difference in episodes of asymptomatic
hyponatremia (10 and 9, respectively) or other adverse
events (17 and 19, respectively) between the treatment and
placebo arms. Kaminetsky et al. pooled two double-blind,
randomized controlled trials of patients >50 years of age
(54% of their patients were > 65 years of age), and found
that both low and high doses of desmopressin nasal spray
(SER120, i.e. Noctiva®) showed significant reductions in
mean nocturnal voids (— 1.4 with 0.83 pg and — 1.5 with
1.66 pg) compared with placebo [78]. Additionally, both
treatment arms had a significant number of patients who
achieved > 50% reduction in mean nocturnal voids com-
pared with placebo. Significant findings were also noted in
the following secondary endpoints: time from bedtime to
first nocturnal void, percentage of nights with fewer than one
nocturnal void episodes, percentage of patients with remis-
sion of nocturia symptoms (0 voids per night), and reduction
in nocturnal urine volume. Hyponatremia occurred at higher
rates in the treatment groups than in the placebo groups
(11.2% vs. 4.4%, 2% vs. 0, and 1.1 vs. 0.2% in 135-130,
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130-125, and < 125 mmol/L, respectively, in the high-
dose versus placebo groups). Higher rates of hyponatremia
were also noted in the low-dose treatment group than the
placebo group. This treatment was specifically studied in
older adults and is marketed as such, however less data are
available and the risk of hyponatremia is still highly con-
cerning. It is worth noting that these trials excluded patients
with numerous comorbidities and contraindicated condi-
tions, including uncontrolled hypertension, diabetes, and
heart failure, among others. The patient population stud-
ied is likely healthier than the average older adult and is
almost certainly not frail. Adverse effects of desmopressin
include headache, nausea, diarrhea, lower extremity edema,
dizziness, and hyponatremia. Symptomatic hyponatremia is
the most dangerous adverse reaction, carrying a black-box
warning on sublingual and nasal spray preparations [82, 83];
standard tablet preparations may carry up to a 6% incidence
of hyponatremia in patients aged > 65 years, and can result
in falls, severe morbidity and even mortality, especially in
the frail cohort [77]. Of note, there is a sex-specific differ-
ence in desmopressin efficacy and responsiveness. Women
require a lower dosage for symptomatic relief and have a
higher risk of hyponatremia than men. This may be attrib-
uted to the location of the vasopressin V2 receptor gene on
the X chromosome; because it is present in an area of rela-
tively decreased inactivation, women express higher levels
of the receptor than men, which increases their sensitivity
to desmopressin [84, 85].

The American Geriatrics Society (AGS) Beers Criteria
has classified desmopressin as a potentially inappropriate
medication [86]. Additionally, frailty is a contraindication
for desmopressin use per the ICS and should only be utilized
if deemed necessary and all other treatment options have
been exhausted [43]. Numerous contraindications exist (see
Table 2) and no further trials of desmopressin treatment in
older adults have been performed since these recommenda-
tions were made.

As this cohort carries the highest risk of adverse out-
comes from desmopressin treatment, the risks of mortal-
ity and severe adverse effects must be balanced against the
expected QoL improvement that comes from a potential
decrease of one to two nocturnal voids. If lifestyle adjust-
ments and management of comorbidities have failed, the
use of desmopressin has been deemed necessary, and the
patient has been adequately informed of the risks, it is rec-
ommended to start older adults at the lowest therapeutic dose
in order to avoid adverse effects reported with higher doses
[87].

Patients should be screened before a trial of desmopressin
to check for hyponatremia, and all older adult patients should
have routine monitoring of serum sodium levels. While ICS
recommendations state that a sodium level of 130-135
mEq/L is a relative contraindication only, one trial found

that those over 65 years of age with initial hyponatremia had
a 75% absolute risk of experiencing symptomatic hypona-
tremia [88], and another found that a baseline sodium level
of < 135 mEq/L was the highest risk factor for clinically
significant hyponatremia (hazard ratio 16.5, p < 0.001) [89].

ICS and US FDA recommendations for serum sodium
concentration monitoring in those > 65 years of age state
that levels should be taken within 3-7 days of initiating
treatment and 1 month following initiation. No guidance
on sodium monitoring is given specifically for the frail
population. Patients found to have a serum sodium level
< 130 mEq/L, regardless of symptoms, should discon-
tinue desmopressin. If the patient has symptoms consist-
ent with hyponatremia and a serum sodium level between
130 and 135 mEq/L, desmopressin treatment should be
stopped. Asymptomatic patients with a serum sodium level
of 130-135 mEq/L should be monitored for persistence of
hyponatremia and should not increase their dosage [43].
Retrospective analysis of 1443 patients (mean age 61 years)
across three randomized controlled trials found that all
cases of clinically significant hyponatremia would have
been averted with such a screening program [89]. Nocturnal
fluid restriction is advised to help avoid hyponatremia, which
should already be part of an effective behavioral treatment
of nocturia and should continue if prescribed desmopressin.
Additionally, FDA prescribing information suggests ‘more
frequent sodium monitoring’ in patients taking medications
that increase the risk of fluid overload or hyponatremia,
including tricyclic antidepressants (TCAs), SSRIs, chlor-
promazine, lamotrigine, carbamazepine, opiate analgesics,
and nonsteroidal anti-inflammatory drugs (NSAIDS) [82,
83, 90]. Follow-up and subsequent laboratory work should
take place with any medication changes, and patients should
be advised to watch closely for symptoms that could indi-
cate hyponatremia. The development of clinically significant
hyponatremia can occur even several months after starting
medication, therefore older adults taking desmopressin
should be carefully monitored every 6 months [43]. This
surveillance is costly and onerous to both physicians and
patients and should be considered and discussed at length
with the patient prior to institution of desmopressin as a
treatment modality.

2.3 a-Blockers

a,-Adrenoceptor (AR) antagonists are commonly used in the
treatment of men with LUTS associated with BPH and blad-
der outlet obstruction (BOO). Relief of symptoms caused
by BOO is achieved via relaxation of the bladder neck or
reduction of the outlet obstruction. This class of drugs also
modifies afferent pathways of micturition which decreases
voiding frequency [91, 92].
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To our knowledge, no studies exist that specifically exam-
ine o-blockers as a treatment for nocturia in the frail, older
adult, nor do any studies exist that specifically target patients
who are solely > 65 years of age; however, we identified a
single study that included patients > 50 years of age and
performed a subgroup analysis of patients aged > 70 years
of age. Furthermore, we identified several studies examin-
ing the treatment of nocturia with a-blockers that included
a population with a mean age of > 65 years.

A single double-blind, randomized controlled trial of
2583 men compared four treatment arms, comprised of
doxazosin, finasteride, and finasteride + doxazosin, with
placebo in the treatment of LUTS and included nocturia as
an outcome. The trial subgrouped patients by age above and
below 70 years. Those aged >70 years (mean age 73.7 + 3.1)
had a decrease of 0.46 and 0.59 voids per night compared
with baseline at 1 and 4 years of treatment, respectively
(p < 0.05). There was no apparent benefit to combination
therapy with finasteride [93]. These results are likely clini-
cally insignificant.

One study pooled the results from three double-blind,
randomized, placebo-controlled trials with a total of 1479
men > 50 years of age (mean age 65 years) randomized to
silodosin versus placebo and found a decrease of 0.2 voids
per night (p < 0.0001), and 61% versus 48% had a decrease
of more than one void per night (p = 0.0003) after 12 weeks
[94]. These results are likely clinically insignificant. An
international randomized, double-blind, placebo-controlled
study of silodosin and tamsulosin use in men > 50 years of
age with LUTS/BPH (mean age of 65.8 years; 44% aged
65-74 years and 14% aged > 75 years) found that, for the
treatment of LUTS with nocturia as a secondary endpoint
only, silodosin was effective (— 0.9 voids from baseline,
p = 0.013), while tamsulosin was not [95]. This result may
be clinically significant, however whether it extends to the
frail cohort is unknown. Although a-blockers have not been
widely studied in women, a single prospective observa-
tional study evaluating the use of tamsulosin in 296 women
>20 years of age (mean age 58.3 + 11.2) found a signifi-
cant decrease in the number of nocturnal voids (— 1.12), as
well as improvements in sleep quality, International Pros-
tate Symptom Scores, and other clinical markers [91]. It
is unknown if these results are translatable to older adults,
especially the frail. More evidence is needed before recom-
mendations for their use in women can be given.

These medications are largely well-tolerated with few
adverse effects among the general population. With respect
to the aging population, this class of medication carries a
notable risk of orthostatic hypotension secondary to vasodi-
lation, which is compounded if the patient is taking nitrates.
The prevalence of orthostatic hypotension in ambulatory
patients over 65 years of age is estimated to be 10-30%
[96], which can lead to lightheadedness, falls, and syncope.

Fall-associated injuries have a significant impact on older
adults [97]. A population-based study of 147,084 men over
the age of 66 years first prescribed a-blockers, compared
with an equal size group of men not prescribed a-blockers,
found a small but significantly increased risk of an emer-
gency room visit or hospital admission for falls (odds ratio
[OR] 1.14), fracture (OR 1.16), hypotension (OR 1.8), and
head trauma (OR 1.15) within 90 days of initiating treat-
ment [98]. Frail individuals have larger reductions in systolic
arterial pressure upon orthostatic changes, and are known to
be at a high risk of falls at baseline than the non-frail older
adult [99].

Recently, there has been concern that the use of
a-blockers, specifically tamsulosin, in men with LUTS/
BPH may be associated with an increased risk of develop-
ing dementia [100, 101]. However, while Duan et al. found
a significantly higher risk of dementia in older men taking
tamsulosin in a large-scale study in the US, a 2019 large-
scale study of Korean adults by Tae et al. in response, which
addressed proposed methodological flaws in the prior study,
failed to find any significant association between a-blocker
use and incidence of dementia [101, 102]. More research is
required before definitive conclusions may be drawn, and
it is noted that this association lacks mechanistic plausi-
bility [103]. Regardless, clinicians should be observant of
changes in their patients. Given the vulnerability of frail,
older adults to orthostatic hypotension and the risk of fall-
related morbidity and mortality, the potentially small ben-
efits of a-blockers alone for the treatment of nocturia in this
population should be weighed against the risks in men. The
evidence does not support their use in women.

2.4 Antimuscarinics

Antimuscarinics have long been the gold standard for the
treatment of daytime OAB, and the efficacy of this drug
class extends to the sensation of nocturnal urgency in
younger patients, although their efficacy in treating a num-
ber of nocturnal micturitions is potentially clinically insig-
nificant [104-110]. The micturition reflex is mediated via
parasympathetic efferent pathways to the detrusor muscle
and bladder neck. Acetylcholine is released and binds to
M3 muscarinic receptors, facilitating the contraction of the
detrusor muscle [111-113]. Antimuscarinic agents preferen-
tially antagonize M2 and M3 receptors, thereby blocking the
micturition reflex and decreasing contractility and instability
of the detrusor.

Despite their wide use, there is a paucity of data examin-
ing antimuscarinic use for the treatment of nocturia in those
over the age of 65 years. A single study examining frail older
adults was identified. A randomized, flexible dose, placebo-
controlled trial by DuBeau et al. evaluated fesoterodine in a
medically complex, community-dwelling population of 582
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older adults (aged > 65 years; mean age 75 years, 50% > 75
years) with urgency urinary incontinence, and tracked noc-
turnal urgency episodes [114]. These adults had high rates
of polypharmacy and comorbidities, and the treatment group
was assigned to 12 weeks of fesoterodine 4 mg, which could
be escalated to 8 mg at any point. Ultimately, the study found
that treatment with fesoterodine did not significantly affect
the number of nocturnal micturitions in this cohort. There-
fore, there is no evidence for the use of antimuscarinic medi-
cations for the treatment of nocturia in frail older adults.

As further evidence against their use, muscarinic recep-
tors predominate across the body and mediate numerous
physiologic effects. Therefore, antimuscarinic agents carry
a number of potential adverse effects, many of which are
magnified in the older adult and frail populations. These
include, but are not limited to, dry eyes, dry mouth, urinary
retention, constipation, risk of falls, and cognitive impair-
ment [113, 115, 116]. These adverse effects can be espe-
cially detrimental to older and frail older adults, and can
influence medication adherence, as well as overall health.
Constipation is known to be very bothersome to patients
[117] and, more seriously, can cause urinary retention, fecal
impaction, obstruction, rectal prolapse, and increased risk
of cerebrovascular disease or myocardial infarction due to
straining [118, 119]. In contrast to a-blockers, the associa-
tion of antimuscarinics with cognitive changes is well-sup-
ported and should not be underestimated [103]. The AGS
Beers Criteria has recommended avoiding these drugs in
patients with constipation, delirium, dementia, or cognitive
impairment. Additionally they recommend avoiding coad-
ministration of medications with anticholinergic properties
due to possible additive effects [86]. Therefore, the lack of
evidence for efficacy, in conjunction with their relative con-
traindication for use in older adults due to the high risk of
adverse effects, indicates that antimuscarinics should not be
utilized to treat nocturia in frail older adults.

2.5 B3-Adrenergic Agonists

3-agonists target 3 receptors in the bladder, which induces
bladder smooth muscle relaxation during the filling phase,
and predominantly reduces urinary urgency with minimal
effects on voided volume [120, 121]. Mirabegron (Myr-
betriq) is currently the only approved f3-agonist for OAB
symptoms, with another formulation, vibegron, now under-
going phase III trials [122]. Mirabegron has been studied
for the treatment of OAB, with nocturia as a secondary
endpoint. No trials exist that study mirabegron specifically
in the frail older adult. One prospective observational trial
examining patients with numerous comorbidities grouped
217 patients into a 40- to 60-year age group (62 patients)
and an 80+ age group (155 patients), and were adminis-
tered mirabegron 25 mg for 12 weeks. These patients had a
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statistically significant reduction in the number of nocturia
episodes of —0.18 from baseline (p = 0.005) [123]. Fur-
thermore, a recent meta-analysis of eight trials and 10,248
adults with OAB treated with mirabegron found a decrease
in nocturia episodes of — 0.13 to — 0.16 (from lowest to the
highest dose administered) [124]. While statistically signifi-
cant, these results are likely clinically insignificant; there-
fore, the evidence does not support the use of mirabegron in
the treatment of nocturia in frail adults.

2.6 Nonsteroidal Anti-Inflammatory Drugs

Although several studies have examined the use of NSAIDs
in the treatment of OAB (93-95), as of yet no studies have
examined the use of NSAIDs for treatment of nocturia spe-
cifically in the older adult or frail older adult populations.
Clinicians should nevertheless be aware of specific guide-
lines for NSAID use in geriatric patients along with standard
contraindications. Patients with gastrointestinal symptoms
or disease, renal dysfunction, or bleeding and coagulation
disorders should not use NSAIDs [125]. Additionally, the
AGS 2015 Beers Criteria recommends against the chronic
use of all NSAIDs due to the risk of gastrointestinal bleed-
ing in high-risk groups, which includes those over the age of
75 years [86]. Therefore, although some evidence supports
the clinical utility of using NSAIDs in the armamentarium
of nocturia treatment, concern about these contraindications
and the adverse effects currently prevents them from being
used as first- or second-line agents.

2.7 Upcoming/In-Trial Pharmacologic Agents

Several trials are currently underway to develop agents that
treat NP while decreasing the likelihood of hyponatremic
events. This may be achieved by novel medications that
are similar to desmopressin but have different pharmaco-
logical activity at the V2 receptor [126—128]. Fedovapagon,
SK-1404, and FE 201836 are three such novel compounds
that have progressed to clinical trials [129-131]; results from
these trials are still pending. None of these trials are specific
to the frail or older adult cohorts, and it remains to be seen
if results will include subgroup analyses or will enable the
clinician to elucidate the role of these novel compounds in
treating the frail older adult patient.

3 Discussion on American Geriatrics Society
Beers Criteria and Polypharmacy

When discussing the implementation of pharmacotherapy
in the older adult and frail cohorts, we must address the
issue of polypharmacy. Polypharmacy is the concomitant
use of multiple medications in a single patient. While the
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numerical cut-off for polypharmacy is not well-defined,
the most commonly cited number in the literature is the
use of five or more medications; however, this is not by a
clear majority, and an actual range of > 2 to > 11 medi-
cations has been utilized [132]. It is more important to
define ‘appropriate’ versus ‘inappropriate’ polypharmacy,
although disagreement also exists in how to apply these
terms [41, 132, 133]. This leaves ample room for confu-
sion among practitioners and may contribute to the preva-
lence of polypharmacy [132]. Regardless of definition, it
is important to recognize that the simultaneous use of mul-
tiple medications carries several negative consequences,
including, but not limited to, increased financial cost,
reduced medication adherence, increased risk of adverse
medication interactions, increased risk of drug toxicity,
and increased risk of geriatric syndromes, including falls,
cognitive impairment, and malnutrition [41, 133].

Polypharmacy is commonplace in the older adult, given
this cohort’s tendency for multiple comorbid conditions
requiring pharmacologic treatment. It is difficult for physi-
cians to balance the pharmacologic treatment of comor-
bidities with the known risks of polypharmacy. In the frail
geriatric patient, polypharmacy poses an even greater
danger in terms of adverse outcomes and mortality [41].
There is evidence supporting a bidirectional, multifacto-
rial relationship between polypharmacy and frailty. Frailty
has been associated with changes in drug pharmacokinet-
ics, which may result in an enhancing effect on drug—drug
interactions and toxicity, thereby worsening the frail state
[41, 134]. Moreover, the prevalence of comorbid condi-
tions in the frail adult may warrant multiple prescriptions
and, likewise, the prescription of multiple medications
may carry adverse effects that contribute to developing
frailty. In their systematic review of literature describing
the relationship between frailty and polypharmacy, Gutiér-
rez-Valencia et al. noted that the studies examined made no
definitive conclusions about a causal relationship between
frailty and polypharmacy [41]. Therefore, the intertwined
nature of polypharmacy and frailty presents a unique chal-
lenge and merits future research.

Clinicians treating nocturia should take several steps to
address polypharmacy. As discussed, the effective treat-
ment of nocturia often requires optimization of current
medications, including the elimination or substitution of
possible contributors to nocturia, and alterations in medi-
cation timing that may improve nocturia symptoms. These
steps should be taken before considering prescribing an
additional medication, especially in patients already under
a heavy pill burden. When additional medications are
considered, their potential interactions, harms, and likely
expected benefit should be weighed before prescribing.

4 Conclusion

Nocturia is a prevalent and bothersome complaint that lies
at the intersection of a variety of common and serious
health conditions. Behavioral and lifestyle adjustments are
the cornerstone of any effective treatment for nocturia.
In addition to behavioral modifications, the appropriate
optimization of patients’ other comorbidities and consid-
eration of currently prescribed medications are a crucial
element in treating nocturia. When these fail, pharmaco-
logic agents may be considered to be added to the treat-
ment regimen only after serious deliberation. Given the
increased prevalence of polypharmacy in geriatric and frail
cohorts, clinicians must weigh the risks and benefits of
nocturia pharmacotherapy in these patients.

Many drug trials that use a cohort of older adults are
limited by recruiting predominantly healthy older adult
participants; therefore, although some pharmacologic noc-
turia treatments may be efficacious in these older adult
cohorts, it is difficult to generalize the results of these
trials to the frail older adult population. What is known
is that many medications used to treat nocturia have pro-
nounced adverse effects in the older adult and frail cohorts.
The goal should be avoidance of these potentially harm-
ful agents, as well as those that may induce or worsen
nocturia. Clinicians should be aware of available criteria
that outline relatively contraindicated medications for the
frail and older adult populations. After these steps have
been taken, two medication classes (a-blockers and AVP
agonists) may be used judiciously if the benefits in patient
QoL outweigh the risks of serious adverse effects, some
of which include delirium, cognitive changes, electrolyte
abnormalities, falls, and death.

Older adults and frail patients should be monitored
closely and routinely after starting medications for the
treatment of nocturia. Patients and their caregivers should
be involved in discussions surrounding treatment. QoL,
patient-specific goals, and individualized consideration of
risk factors should always be a priority, and shared deci-
sion making is paramount to treatment success. Impor-
tantly, patients should have accurate expectations for their
clinical response, and the expected and real improvement
in QoL should be balanced against the risks associated
with each treatment, as well as the global risk polyphar-
macy poses to the older adult. The patient should be re-
engaged in these discussions over time to reassess their
response to treatment, their goals of care, and the need
for treatment. Therefore, we conclude that the optimal
evaluation of nocturia in an older adult or frail older adult
should be centered on (1) the optimization of comorbidi-
ties and reduction of polypharmacy; (2) behavioral and
lifestyle adjustments; (3) the assessment of drug—disease
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interaction; and (4) the judicious consolidation of goals.
In this way, the treatment of nocturia can act as a nidus for
holistic improvement in patient care.
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